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Electron beam phase space

Electrons transverse probability density

P x, x' , y, y'( ) =
1

4π 2σ xσ x 'σ yσ y'

exp −
x2

2σ x
2 −

x' 2

2σx '
2 −

y2

2σ y
2 −

y' 2

2σ y'
2

 

 
 

 

 
 

Emittance - volume in a phase space
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Straight section - free space

Betatron function - describes focusing properties

β (z) = β0 + z2 / β0

β0 =
σ 0
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Phase ellipse propagation in free space
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The standard deviations σ, σ′ can be expressed in terms of the storage ring paramenters ε and β
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Photon beam phase space

Photon beam 
origin

UNDULATORElectron beam 
origin
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Convolution of undulator           
radiation from single electron 

with electron beam
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Brilliance

  
B (x,φ,z) =

d4F
d2xd2φ

x = x(x,y), φ =φ(x' , y' )

 B(0,0,z1) = B (0,0,z2 ) = B0On-axis brilliance is invariant

 

d2F
d2φ

= B(x,φ, z)∫ d2xAngular flux density

 
F = B(x,φ,z)∫ d2xd2φTotal Flux
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Gaussian beam
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 F = B0 2πσ rσ r'( )2

 Fc o h = B0 λ / 2( )2σrσr' = λ / 4π Coherent fluxCoherent phase space

Undulator radiation in Gaussian beam approximation
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Types of experiments

SR parameters
\ Experiment

σ=√εβ σ′=√ε/β
ε=σσ′

(B0 ~ 1/ε)
β=σ/σ′

Flux   ( ~ ISR )
Flux density
( ~ 1/σ′ ) σ′≅σr’ large

Focusing
(flux density) σ′T≅ΝΑ depends

on optics NA
Focusing
(spot size) small small

Coherence
Fcoh=B0(λ/2)2 small small

(εr=λ/4π) small
acceptance

x

x‘

x

x‘

• Storage ring parameters have to be optimized for particular beamline
• Storage ring parameters may need to be modified, depending on experiment
• Optimal storage ring parameters may reduce number of beamline optical 

components or help to achieve better beam quality

Source location

Sample location
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Questions

• Smallest possible electron beam emittance or 
flexible APS lattice?

• What are the limits of horizontal beta-function?
- 0.5 - 1 m for small source size 
- 50 -100 m with minimum position located out of the 
straight section 

• How many APS lattices are possible?
- a beamline may need different settings of storage ring 
parameters for different types of experiments

• How often can the APS lattice be changed?


